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Abstract

Blood and stripped hemoglobin from Nelore cattle individuals were submitted to oxygen equilibrium experiments in
both gasometric and spectrophotometric methods. No difference was detected in oxygen affinity and Bohr effect
among Hb A, Hb B and Hb AB in experiments with both blood and stripped hemoglobin, in the presence and absence
of the chloride ion. However, n values (Hill plots) were higher in Hb B and Hb AB (>2) than in Hb A (<2).
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Introduction

Hemoglobin polymorphism in mixed European/In-

dian (Bos taurus taurus/B. t. indicus) Algerian cattle was

first described by Cabannes & Serrain (1). This polymor-

phism is due to a β chain variant - βB (2) which shows a

Mendelian mode of inheritance, presenting 3 phenotypes

Hb A, Hb B and Hb AB. Thereafter, several papers (3,4,5)

describing allele frequencies have been published. The

gene for this βB chain is found mainly in tropical herds,

pure Indian or mixed with European cattle. Ayala (6)

claimed that this polymorphism would be maintained by

natural selection. However, no direct evidence of differ-

ences in fitness among the three phenotypes has been

found. On the other hand, no description of functional prop-

erties of Hb B or Hb AB has been found in the literature

available.

Bunn (7) demonstrated that ruminant (including Hb A

from a Holstein cow) and cat hemoglobins show intrinsi-

cally low oxygen affinity and are weakly reactive to

2,3-diphosphoglycerate (2,3-DPG), the main hemoglobin

function modulator of mammals. However, Weber and co-

workers (8), comparing yak hemoglobins with cow Hb A,

showed a not so weak 2,3-DPG effect in the latter.

Fronticelli (9) claimed that Cl- ions would be respon-

sible for the Hb function modulation in bovine cattle, as

DPG is for human hemoglobin. However, Perutz and Fermi

(10) did not confirm these results.

In order to find out if there are some differences in the

functional properties of the three hemoglobin phenotypes,

oxygen equilibrium experiments, including the effect of

2,3-DPG and Cl-, were carried out, using Nelore cattle.

Material and Methods

The Nelore cattle used here belong to the Fazenda

Canchim, a unit of EMBRAPA (Empresa Brasileira de

Agro-Pecuária), located in São Carlos, SP, Brazil.

Blood was obtained from the jugular vein with hepa-

rinised syringes. Red blood cells were separated from plas-

ma by centrifugation. After washing the cells three times

with isotonic saline, water was added to the packed red cells

in a 2:1 ratio. The hemolysates were produced by freezing

and thawing three times and were then centrifuged for

15 min, at 12,100 g, at 4 °C.

Stripped hemoglobin was obtained by passing the

hemolysate through a Sephadex G-25 column using Tris

HCl 0.5 M buffer and Cl--free hemolysate with Hepes-Tris

0.5 M buffer (11,12).

Electrophoreses were carried out using hydrolyzed

maize starch and Tris Borate-EDTA buffers (13) to check

the hemoglobin phenotypes.

Whole blood oxygen equilibrium experiments were

carried out using the gasometric method (14). The spectro-

photometric method was used for the hemolysates (15).

Intraerythrocytic phosphate extracts were prepared

(16). The phosphates were separated in a Q Sepharose col-

umn (11 cm x 1 cm) controlled by a FPLC (Fast Protein

Liquid Chromatography) system. Both the resin and the

FPLC System were purchased from Pharmacia Biotechnol-

ogy, Sweden. The phosphates were eluted through a potas-

sium chloride gradient 0-1 M in a triethanolamine buffer,

20 mM, pH 8.0.

Regression lines were calculated to compare the re-

sults obtained from different phenotypes and by different

methods (spectrophotometric and gasometric) and under

different conditions (in both presence and absence of Cl-
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ions). In these regression equations (y = ax + b) a can be

considered the Bohr effect.

Results

Electrophoreses showed one slow band for Hb A, a

fast one for Hb B and two bands for the heterozygous Hb

AB.

Figures 1, 2 and 3 show the results obtained with oxy-

gen equilibrium experiments on the three phenotypes - Hb

A, Hb AB and Hb B, using blood and stripped hemoglobin

in the presence of the chloride ion, respectively.

The cooperativity showed by stripped Hb A, in the

presence of the chloride ion, was different from those of Hb

B and Hb AB. The Student t tests showed that n values were

independent of pH, in the three hemoglobin phenotypes: re-

gression lines drawn were parallel to the abscissa axis.

Therefore, the differences in n values for Hb A, represented

by b in the regression lines, varied significantly from those

of Hb B and Hb AB, at the 0.05 level. No significant differ-

ence between n values of Hb B and Hb AB was detcted. Hb

A presented n values below 2 while Hb B and Hb AB pre-

sented values greater than 2 (Figure 3).

Figure 5 shows the results obtained in oxygen equi-

librium experiments on the three phenotypes - Hb A, Hb B

and Hb AB, using stripped hemoglobin in the absence of

the the chloride ion.

No differences were observed in oxygen affinity and

Bohr effect among Hb A, Hb B and Hb AB in experiments

with stripped hemoglobin in the absence of the chloride ion.

However, these results are different from those using blood

and stripped hemoglobin in the presence of the chloride ion.

Table I shows Bohr effect values obtained under vari-

ous conditions.

Plotting log P50 against 2,3-diphosphoglycerate

(2,3-DPG) concentrations confirmed its weak effect on cat-

tle hemoglobin. (7). However 2,3-DPG seemed to be more

effective on Hb B than on Hb A and Hb AB, in molar ratios

Hb:DPG of 1:20 (5 µM Hb: 100 µM of 2,3-DPG) or higher

(Figure 4).

The concentration of 2,3-DPG in erythrocytes was

1.27 µM/mL packed red cells for Hb A, 1.3 µM/mL for Hb

B and 1.01 µM/mL for Hb AB.

O2 affinity experiments using Hb A and Hb B

stripped of the chloride ion showed different sodium chlo-

ride titration curves (Figure 6).

Discussion

The absence of difference in oxygen affinity among

Hb A, B and AB phenotypes was expected. This had been

shown in previous results from experiments with Canchim

cattle (17) comparing O2 affinities of Hb A and Hb B at 5
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Figure 1 - pH dependence of P50 in blood. Buffer Tris-HCl 0.1 M.

Showing regression lines in each phenotype.

Figure 2 - pH dependence of P50 in stripped hemoglobin in presence of

the chloride ion. Buffer Tris-HCl 0.05 M. Showing regresion lines in each

Figure 3 - pH dependence of n values in stripped hemoglobin in the pres-

ence of the chloride ion. Buffer Tris-HCl 0.05 M.

Table I - Bohr effect values (φ) of the three phenotypes in different

experimental conditions.

A AB B

Blood -0.35 -0.30 -0.31

Stripped in presence of Cl- -0.36 -0.32 -0.35

Stripped in absence of Cl- -0.18 -0.12 -0.19



different pHs . However, the P50 obtained for the latter was

around 3.2 mmHg at pH 7.4 for the 3 phenotypes, while that

presented in this paper was 4.3. In our laboratory a blood

and hemolysate sample of dairy cattle (Holstein Friesan)

showed a P50 = 6.3 at the same pH. In hemoglobin samples

of adult Belgian White Blue cattle a P50 = 25 mmHg, at pH

7.4, was found (18). These differences may be due to differ-

ent Cl- concentrations.

A less likely hypothesis would be the following: cat-

tle hemoglobin separated by liquid chromatography on

rigid resin Mono Q, besides the main peak or peaks (Hb A,

Hb B or both) showed two to three small peaks (Vito,

Schwantes and Schwantes, in preparation). On the other

hand most of the Artiodactylae, especially bovine, showed

one to six minor hemoglobin components in isoelectric fo-

cusing on polyacrylamide gels (19). Although Bos taurus is

not included in the latter paper, its hemoglobin heterogene-

ity might be expected. The differences in the P50 values

mentioned above could be due to variations in relative con-

centrations of these minor peaks. Differences in amino acid

sequences, not detected by the usual electrophoretic meth-

ods, could also explain variations found in the stripped he-

moglobin P50 in diverse cattle populations.

The n values here obtained with stripped hemoglobin in

the presence of the chloride ion indicate cooperativity in Hb B

and Hb AB, but very low, if any, in Hb A. These results are

shown in experiments with stripped hemoglobin in the pres-

ence of the chloride ion. Since in tropical countries, due to

high environmental temperatures, and consequently greater

energy requirements than those in temperate areas, the

cooperativity of Hb B carriers could facilitate oxygen uptake

and release. Thus, an advantage over Hb A homozygotes

could be supposed. However, it is unlikely that cooperativity

of Hb B and AB is the only factor and further studies, espe-

cially on comparative respiration physiology of individuals

showing different Hb phenotypes, should be performed to find

out the real contribution of the Hb βB gene to the apparent ad-

aptation of their carriers in the tropics. On the other hand, no

differences in n values were obtained in these experiments

with stripped hemoglobin in the absence of the chloride ion.

No differences in cooperativity among the three phenotypes

were found in the Cl- titration experiments. However, the

dimerization effect of NaCl (used as the Cl- source) on

cooperativity cannot be ruled out. The P50 values decreased

above 1.2 mM NaCl. These data suggest that the reverse of the

slopes obtained at high ionic strength would be consistent with

salt dissociation induction of tetramers into dimers (20).

No differences among oxygen affinity and the Bohr

effect of Hb A, Hb AB and Hb B were obtained here when

compared in blood or stripped hemoglobin, in the presence

or absence of the Cl- ion. The lack of differences between

blood and stripped hemoglobin in the presence of Cl- as

well as the higher O2 affinity of samples in the absence of

this ion were confirmed. Apparently, the sensitivity to chlo-

ride ion is greater for Hb A than for Hb B in NaCl concen-
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Figure 4 - Influence of the concentration of 2,3DPG on the P50, pH 6,9.

Figure 5 - pH dependence of P50 in stripped hemoglobin in the absence of

the chloride ion. Buffer Hepes-Tris 0.1 M. Showing regression lines in

each phenotype.

Figure 6 - Influence of the concentration of NaCl on the P50. Buffer

Hepes-Tris 0.1 M, pH 7.4.



trations less than 0.75 mM. However, when concentration

of this salt in the experimental solution was higher than

0.75 mM, this difference disappeared.

The apparent effectiveness of high 2,3-DPG: Hb mo-

lar ratios does not seem to be important for bovine Hb adap-

tation, since the concentration of this organic phosphate

never reaches the necessary concentration to play any role

in its respiration. It is interesting to point out, that in terms

of cooperativy the Hb βB is dominant over the Hb βA gene,

while in terms of DPG biding, Hb βA is the dominant gene.
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